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Abstract 

The  Patriot  system  upgrade  being 
developed  will  result  in  the  world’s  most 
capable  medium  range  air  defense 
system.  It  is  designed  to  buy  back 
battlespace  lost  to  recent  developments 
in  the  air  breathing  and  tactical  ballistic 
missile  (TBM)  threat.  The  upgrades 
also  reflect  lessons  learned  in  Desert 
Storm  in  defending  against  TBMs  in 
combat.  Although  driven  by  the  TBM 
threat,  the  upgrades  include  responding 
to  another  lesson  learned  in  Desert 
Storm  -  the  effectiveness  of  cruise 
missiles  against  ground  targets.  In 
designing  the  anti-TBM  (ATBM) 
upgrades,  it  became  apparent  that  an 
effective  anti-cruise  missile  (ACM) 
capability  could  be  obtained  at  little 
additional  cost.  The  features  needed 
for  ATBM  -  better  acquisition  and  track 
performance,  improved  discrimination 
and  identification  capability,  bigger 
footprint,  better  lethality  -  resulted  in 
system  improvements  that  provide 
significantly  better  capability  against 
cruise  missiles.  This  improved  ACM 
capability  was  recognized  early  and  the 
system  upgrades  were  tailored  to  take 
advantage  of  this  additional  benefit.  The 
Army  Mountain  Top  Experiment  further 
explored  how  to  take  advantage  of  this 
by  demonstrating  beyond  line-of-sight 
engagement  capability.  The  net  result 
has  been  the  development  of  an 
effective,  affordable  ACM  capability  as 
a  by-product  of  the  Patriot  system 
ATBM  upgrades. 


The  Patriot  air  defense  system  was 
designed  to  be  the  backbone  of  an  air  defense 
belt  across  central  Europe.  It  was  initially 
fielded  in  the  mid-80s.  In  the  late  80s  an  Anti- 
Tactical  Missile  (ATM)  upgrade  was  developed 
to  counter  the  emerging  tactical  ballistic  missile 
threat.  This  upgrade  was  done  in  two  steps. 
First,  a  ground  radar  upgrade  (PAC-1)  allowed 
the  radar  to  perform  surveillance  at  higher 
elevation  angles.  Then  upgrades  to  the  missile 
(PAC-2)  improved  its  capability  against  the  TBM 
target.  The  TBM  threat  designed  against  was 
assumed  to  be  ,  compatible  with  the 
Intermediate-  range  Nuclear  Force  (INF)  Treaty 
which  the  U.S.  and  Soviet  Union  signed  in  1987. 
This  limited  the  TBM  range  to  less  than  500 
kilometers,  which  defined  the  altitudes  and 
velocities  of  the  TBM  payloads  to  some  extent. 
The  Patriot  ATM  development  program  was  still 
undeoA/ay  when  Iraq  invaded  Kuwait  in  August, 
1989. 

The  Desert  Shield,  Desert  Storm 
experience  resulted  in  a  new  environment  for 
the  Patriot  system.  Operational  fire  units  were 
airlifted  from  their  familiar  settings  in  Germany 
and  the  U.  S.  and  positioned  in  Saudi  Arabia 
and  Israel.  The  PAC-2  missile  production  was 
accelerated  and  installed  in  the  field,  while 
training  for  U.  S.  and  Israeli  crews  was 
conducted  in  the  U.  S.  and  on-site.  Once 
Desert  Storm  started,  further  changes  in 
software  and  training  were  required  because 
the  TBMs  being  countered  were  clearly  from 
ranges  greater  than  those  covered  by  the  INF 
treaty.  The  bottom  line  was  that,  after  the 
extensive  testing  Patriot  underwent  during  and 
after  fielding,  its  only  combat  experience  was  in 
an  out-  of-area  location  against  a  threat  that  it 
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was  not  designed  for.  It  was  also  clear  that  this 
is  probably  the  way  it  is  going  to  be  from  now 
on.  Based  on  this  experience,  a  major  system 
upgrade  was  initiated. 

When  completed,  the  PAC-3  system 
will  combine  the  capabilities  of  the  PAC-2  and 
PAC-3  missiles  resulting  in  the  worlds  most 
capable  medium  range  air  defense  system.  It  is 
scheduled  to  be  fielded  in  1999.  The  upgrades 
are  designed  to  buy  back  battlespace  due  to 
recent  developments  In  the  air  breathing  and 
TBM  threat,  and  to  incorporate  lessons  learned 
in  Desert  Storm. 

The  primary  performance  drivers  in  the 
PAC-3  upgrade  are  related  to  the  emerging 
TBM  threat.  The  objectives  are  to  improve 
acquisition  and  track  performance,  obtain  better 
discrimination  and  identification  capability,  get  a 
bigger  defended  footprint,  and  improve  lethality 
against  all  TBM  payloads.  There  are  other 
system  improvements  included  in  PAC-3,  but 
these  are  the  drivers.  They  are  listed  in  Figure 
1,  along  with  the  system  modifications  made  to 
resolve  them. 

Because  of  the  very  high  velocities  of 
the  incoming  TBM  threat,  it  was  necessary  to 
increase  the  ground  radar  acquisition  range  to 
allow  more  time  for  the  intercept  and  to 
increase  the  size  of  the  defended  area  footprint. 
The  ground  radar  average  power  is  being 
doubled  by  the  addition  of  a  dual  traveling  wave 
tube  transmitter.  A  new  exciter  and  a  new  pulse 
doppler  processor  are  being  added  to  improve 
stability  and  create  waveforms  necessary  to 
enhance  tracking  and  detecting  cued  targets 
and  targets  in  ECM  and  clutter.  A  wideband 
receiver  and  digital  signal  processor  upgrades 
are  added  to  improve  classification, 
discrimination,  and  identification  of  both  TBM 
and  non-TBM  target  complexes. 

These  radar  upgrades  are  integrated 
with  other  communication  and  data  recording 
changes  to  further  improve  the  warfighting 
capability  of  the  system.  The  Expanded 
Weapons  Control  Computer  in  the  Engagement 


Control  Station  (ECS)  was  upgraded  with  a  new 
CPU,  VHSIC,  and  more  memory. 

The  defended  footprint  of  the  system 
was  significantly  increased  by  the  addition  of  a 
combined  Communications  Relay  Unit  and  a 
Launcher  Control  Station  which  allows 
launchers  to  be  located  10  to  30  kilometers 
from  the  ground  radar  and  ECS.  This  gives  the 
commander  much  more  flexibility  in  positioning 
his  forces  to  protect  critical  assets  from  TBM 
attack. 

The  hit-to-kill  PAC-3  missile  was 
selected  to  provide  the  required  lethality  against 
all  TBM  payloads.  Figure  2  shows  the  key 
features  of  the  missile.  The  accurate  active 
seeker,  agile  and  very  responsive  airframe,  and 
high  data  processing  rate  result  in  a  very  high 
probability  of  a  direct  impact  on  the  TBM 
payload.  The  missile  flies  out  on  inertial 
guidance  after  launch,  and  has  an 
uplink/downlink  to  communicate  with  the  ground 
radar,  which  provides  inflight  alignment  updates 
and  updates  the  missile  on  the  target  location  if 
necessary  after  launch.  Also  shown  in  the 
figure  is  the  low  explosive  Lethality  Enhancer 
which  is  only  used  against  non-TBM  targets. 
The  sequence  of  events  for  a  TBM  intercept  is 
shown  in  Figure  3. 

in  addition  to  the  TBM  lessons  learned 
in  Desert  Storm,  there  was  another  important 
lesson  learned  that  was  not  lost  on  the  rest  of 
the  world.  That  was  the  effectiveness  of  cruise 
missiles  against  ground  targets.  As  the  PAC-3 
upgrades  were  planned,  the  effectiveness 
against  the  cruise  missile  threat  was  evaluated. 
It  immediately  became  obvious  that  the  system 
features  being  incorporated  for  the  TBM  threat 
would  significantly  enhance  the  system 
capability  against  cruise  missiles.  A  review  of 
the  ATBM  features  previously  shown  in  Figure  1 
shows  that  the  performance  improvements  are 
in  most  cases  directly  applicable  to  the  ACM 
mission.  The  functional  similarities  between  the 
two  missions  is  evident  when  the  sequence  of 
events  for  the  TBM  mission  (Figure  3)  is 
compared  with  that  for  the  ACM  mission,  as 
shown  in  Figure  4. 
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The  increased  power,  stability,  and 
flexibility  provided  by  the  ground  radar 
modifications  greatly  improved  the  ability  of  the 
radar  to  acquire,  track,  and  identify  cruise 
missiles  in  a  clutter  and  ECM  environment.  The 
uplink/downlink  to  the  PAC-3  missile  provide  a 
means  to  update  the  target  position  to  the 
missile  in  flight.  The  PAC-3  missile  itself  was 
designed  to  operate  in  rain,  so  the  seeker 
phase  noise  had  already  been  set  low  enough 
to  accommodate  acquiring  and  tracking  a  cruise 
missile  in  a  ground  clutter  environment.  In 
addition,  the  missile  seeker  had  robust  ECCM 
against  threats  expected  during  the  timeframe 
of  PAC-3  deployment,  target  profiling,  and  other 
features  for  the  TBM  and  air  breathing  threats 
so  there  was  little  else  to  do  except  tailor  the 
software  to  include  certain  unique  cruise  missile 
characteristics.  A  summary  of  the  missile 
features  which  provide  a  robust  capability 
against  the  cruise  missile  threat  is  shown  in 
Figure  5. 

A  further  example  of  the  flexibility  of  the 
PAC-3  system  to  handle  the  cruise  missile 
threat  was  demonstrated  in  the  Army  Mountain 
Top  Experiment,  which  was  completed  earlier 
this  year.  Figure  6  shows  the  essential 
elements  of  this  experiment.  The  Army 
objective  was  to  demonstrate  the  principle  that 
track  data  from  an  airborne  sensor  could  be 
used  by  a  ground  based  air  defense  system  for 
engagement  and  acquisition  of  a  low-altitude 
cruise  missile  which  was  beyond  line-of-sight  of 
the  ground  based  system.  A  BQM-74  drone 
flying  very  low  over  water  (beyond  line-of-sight 
to  the  Patriot  radar)  was  acquired  and  tracked 
by  sensors  located  on  a  mountain  at  a  Hawaiian 
test  range.  These  data  were  sent  to  a  Patriot 
testbed  at  the  foot  of  the  mountain.  A  PAC-3 
DerrWal  missile  seeker  and  associated  missile 
electronics,  including  an  uplink  receiver,  were 
installed  in  a  captive  carry  mode  on  C-130  test 
aircraft  which  was  simulating  the  missile  flyout. 
Information  on  the  drone  location  was  uplinked 
to  the  seeker  via  the  Patriot  radar,  and  the 
seeker  searched  the  designated  area,  acquiring 
and  tracking  the  target.  There  were  18 
successful  captive  carry  runs,  and  the  data 


generated  was  used  in  over  100  successful 
virtual  target  6-DOF  intercepts.  Tests  were  also 
conducted  against  low  flying  F-16  aircraft,  and 
multiple  target,  target  profiling,  and  polarization 
data  obtained  in  the  sea  clutter  environment. 
The  demonstrated  ability  of  the  PAC-3  system 
to  use  external  data  to  engage  cruise  missiles 
which  are  beyond  line-of-sight  to  the  Patriot 
radar  is  a  further  example  of  the  robust  ACM 
capability  of  PAC-3. 

The  PAC-3  upgrades  to  the  Patriot 
system  are  a  high  priority  program  for  the  U.S. 
and  the  administration,  and  will  result  in  a  very 
effective  air  and  theater  missile  defense 
system.  The  program  is  on  track  to  be  fielded 
in  1999.  The  flight  test  program  will  support  the 
validation  of  simulations  of  PAC-3  performance 
against  both  TBMs  and  cruise  missiles.  This 
includes  a  series  of  captive  flight  tests  with  the 
EMD  missile  seeker  looking  down  in  various 
cruise  missile  engagement  scenarios.  Similar 
tests  were  conducted  on  the  DenWal  missile 
seeker  prior  to  and  during  the  Mountain  Top 
tests  previously  discussed. 

To  further  support  the  affordability  of 
this  multi-mission  system  upgrade,  several 
actions  have  been  and  are  being  taken  to 
reduce  development,  acquisition,  and 
ownership  costs.  For  the  PAC-3  missile 
segment,  a  summary  of  these  actions  is  given 
in  Figure  7.  The  net  result  is  that  Patriot,  which 
is  still  the  premier  air  defense  system  in  the 
world,  will  also  be  the  most  modem,  effective 
ATBM  system  fielded  and  will  have  an 
affordable,  effective  ACM  capability  well  into  the 
21st  century. 
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Primary  Drivers  For  PAC-3  Upgrade 


2-43 


Figure  1 
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Figure  2 
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Nominal  PAC-3  System  Engagement  Timeline 
(TBM  Target) 


Nominal  PAC-3  System  Engagement  Timeline 
(Non-TBM  Target) 
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PAC-3  Missile  Anti-Cruise  Missile  Features 
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Over  the  Horizon  Testing  /  Simuiation 
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PAC-3  Missile  Segment  Cost  Reduction  Measures 
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